JEuropaisches Patentamt 
European Patent Office © Publication number: 0 197 753 

Office europeen des brevets A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 86302417.0 © Int. CI. 4 : C 07 J 1/00 

^ A 61 K 31/565 

@ Date of filing: 01.04.86 



® Priority: 30.03.85 GB 8S08404 


© Applicant: Baylor College of Medicine 




© Date of publication of application: 


Houston Texas 77030HJS) 


© Inventor: Keenan, Bruce S. 


15.10.86 Bulletin 86/42 


© Designated Contracting States: 


3639 Tartan 


Houston Texas 77025(US) 


CH DE FR GB IT LI SE 


© Inventor: Sparrow, James T. 




12119Atwetl 




Houston Texas 77035(US) 




© Representative: Lucas, Brian Ronald et al. 




Lucas, George & Co. 135 Westhall Road 




Warlingham Surrey CR3 9HJ(GB) 



© Dihydrotestosterone heptanoate, its synthesis and methods of use thereof. 

© Disclosed is dihydrotestosterone heptanoate, its method 
of synthesis, and its method of use as an androgenic 
hormone of male gynecomastia, as a hormonal probe, as 
well as other applications. 



3! 




&aydon Printing Company Ltd. 



DIHYDROTESTOSTERONE HEPTANOATE, 
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Field of the Invention 
The invention relates to dihydrotestosterone 
heptanoate, compositions including that compound, and methods 
of use thereof. 

Background of the Invention 

Breast enlargement (gynecomastia) in adolescent males, 
is a common phenomenon. Several methods of treatment have been 
tried. Treatment with the androgenic hormone testosterone has 
actually caused increased breast size (H.E. Carlson, 
Gynecomastia , 303 New Eng. J. Med. 795-799 (1980)), probably 
because testosterone is converted to the female sex hormone 
estradiol in vivo by the aromatase enzyme. 

In another study, treatment was attempted with an 
alcoholic solution of Dihydrotestosterone (DHT) applied to the 
skin. J.M. Kuhn, R. Roca, M.H. Landot, M. Riev, J. P. Luton, 
H. Bricase, Studies in the Treatment of Idiopathic 
Gynaecomastia With Percutaneous Dihydrotestosterone , 520 
Clinical Endocrinology 19:513 (1983). While in a majority of 
patients this was successful and systemic absorption of DHT was 
indicated by elevations in its plasma levels, in about 1/5 of 
the subjects absorption was poor and there was no benefit. 
Also, in another 1/3 of the subjects, breast regression was 
incomplete. Another disadvantage of this technique is that the 
solution must be applied three to four times daily to be 
effective. This is inconvenient and esthetically objectionable. 

It seems that for best results, the gonadotropins — 
Follicle Stimulating Hormone (FSH) and Leutinizing Hormone 
(LH) — should be suppressed, for they act on the testes to 
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cause increased testosterone production which (as noted above) 
is believed to be converted to estradiol in those with 
gynecomastia. There is considerable dispute as to whether DHT 
causes suppression of LH or FSH, though suppression of LH alone 
has been noted in one study. R.J. Santen, Ts Aromatization of 
Testosterone to Estradiol Require d for Inhibition of 
^etinizin g Hormone Secretion in Kan ? 56 J. Clin. Invest. 
1555. It seems otherwise clear, however, that long-term 
suppression of LH or FSH can only be achieved through an 
inhibitor which itself remains in circulation for extended 
periods. Oral DHT is unsuitable as it is destroyed before 
reaching the circulatory system. If administered parenterally 
it has a very short half-life, and, as noted above, topical 
administration of solution is also effective only for a short 
time. 

Dihydrotestosterone-propionate has also been tried. 
C. Faiman, J. P. Winter, The Control of Gonadotropin Secretion 
in Complete Testicular Feminization , 39 J. Clin. Endocrinol. 
Metab. 631-637. However, it has only a one-to-three day 
duration of action and was not effective in gonadotropin 
suppression. Id . 
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Injection of dihydrotestosterone heptanoate, having 

the formula: 

o 




10 

causes suppression of LH, FSH, testosterone and estradiol, and 
elevation of DHT levels. It is effective in doing so for about 
three weeks, and has also been shown effective in treatment of 
adolescent gynecomastia and hypogonadotrophic hypogonadism. 

15 The latter effect is due to the property of DHT-hep as a potent 
androgen. It causes enlargement of the male genitalia, growth 
of pubic hair, growth of facial hair, and increase in height 
and weight and acne. 

DHT-hep, inasmuch as it suppresses LH and testicular 

20 testosterone production, could also be valuable as a hormonal 
probe. With its administration, LH from the anterior pituitary 
is suppressed and thus is not acting to cause testicular 
testosterone production. Demonstration of residual 
testosterone and estradiol in the blood after suppression of LH 

25 could therefore be used tb determine the extent to which the 
adrenal gland produces testosterone and estradiol. 
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Because it suppresses gonadotropins, another promising 
use for this compound is as a male contraceptive. 

Another potential use is as a test for androgen 
response, ej- < £or detection in the newborn of male 
pseudohermaphoditism with androgen insensitivity . Early 
detection of insensitivity indicates that the infant should be 
assigned the female gender for feminization would necessarily 

occur at puberty. 

DHT-hep has an advantage over testosterone enanthate, 
the commonly used androgen preparation, in that it is not 
aromatized, and thus, gynecomastia is not a side effect. Since 
estrogens are considered to have an antagonistic effect on 
growth hormone action, growth in height with DHT therapy could 
theoretically be greater with DHT-hep than with testosterone 
therapy. 

Accordingly, it is an object of this invention to 
provide dihydrotestosterone heptanoate. 

It is a further object of the invention to provide 
dihydrotestosterone heptanoate in substantially pure form. 

It is a further object of the invention to provide 
dihydrotestosterone heptanoate dissolved in a pharmaceutical^ 
acceptable adjuvant, such as sesame seed oil. 

It is a further object of the invention to provide 
dihydrotestosterone heptanoate which, when administered to a 
patient, is broken down into dihydrotestosterone and heptanoic 
acid, the unesterified form of dihydrotestosterone binding to 
the human androgen receptor with high affinity, the heptanoate 
ester not binding tightly to the human estrogen receptor, and 
thus, dihydrotestosterone heptanoate acts through its 
conversion to dihydrotestosterone. 
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It is a further object of the invention to provide a 
method of treating hypogonadotrophism by internally 
administering dihydrotestosterone heptanoate. 

A further object of the invention is a method of 
5 reducing the male sperm count by internally administering 
dihydrotestosterone heptanoate . 

A further object of the invention is a method of 
treating for response to androgen by internally administering a 
dihydrotestosterone heptanoate and determining whether there is 
Xo a suppression of leutinizing hormone. 

A further object of the invention is a method of 
suppressing in vivo production of leutininzing hormone, 
follicle stimulating hormone, testosterone or estradiol hormone 
by internally administering dihydrotestosterone heptanoate. 
15 a further object of the invention is the provision of 

a reaction product of dihydrotestosterone 
(5a-androstane-17B of 3-one), 4-dimethylaminopyridine, 
dichloromethane, and heptanoic anhydride useful in treating 
gynecomastia, hypogonatrophism, as an androgen, a a hormonal 
20 probe, reducing male sperm count, and useful for in vivo 
production of leutinizing hormone, follicle stimulating, 
hormone, testosterone or estradiol. 

A further object of the invention is a method of 
synthesizing dihydrotestosterone heptanoate. 
25 A still further object of the invention is a method of 

preparing a pharmaceutical preparation comprising 
dihydrotestosterone heptanoate in a pharmaceutical^ acceptable 
adjuvant for administration to a male patient. 

Other and further objects and advantages of the 
30 invention appear through the specification and claims. 
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Brief Description of the Drawings 
Figure l is a graph illustrating the effect of the 
injection of dihydrotestosterone heptanoate on plasma DHT. 

Figures 2A and 2B are graphs illustrating significant 
decreases in plasma FSH, testosterone and estradiol. 

Figures 3A and 3B are graphs illustrating increases in 
plasma DHT one week after injection of 200 mg DHT-hep . 

Figures 4A and 4B are graphs similar to Figures 3A and 
3B in which the dose was increased to 400 mg. 

Description of the Presently Pre ferred Embodiments 
The present invention is directed to the discovery 
that dihydrotestosterone heptanoate when injected in 
pharmacologically effective amounts into a male patient is 
effective in the treatment of adolescent gynecomastia and 
hypogonadotrophic hypogonadism, as a hormonal probe, as a male 
contraceptive, as a test for androgen response, for suppressing 
in vivo production of leutinizing hormone, follicle stimulating 
hormone, testosterone or estradiol. The dose or amount 
injected will vary with body size, weight, and purpose for 
which it is administered. 

The dihydrotestosterone heptanoate is substantially 
pure. The starting material, dihydrotestosterone, contains a 
small amount (less than 1 percent) of androstanediols . The 
latter are naturally occurring human androgenic steroids and 
are esterified in the course of preparation. It is possible 
that some of the esterified androstanediols copurify with 
dihydrotestosterone heptanoate. Preferably it is dissolved in 
a pharmaceutical ly acceptable adjuvant, such as sesame seed 
oil. for injection, although other such adjuvants can be used 
such as cottonseed oil. corn oil. peanut oil and other refined 
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fixed oils, and a variety of glycols, such as polyethylene 
glycol, propylene glycol and the like. 

The invention is also directed to the preparation of 
dihydrotestosterone heptanoate (DHT-hep) and to the preparation 
5 of DHT-hep compounds for effective administration to patients. 
In general, the method of synthesizing DHT-hep 
comprises adding to dihydrotestosterone in a suitable solvent 
dichloromethane, heptanoic anhydride and 

4-dimethylaminopyridine. The mixture is stirred and stored 
10 until reacted. The reaction product is washed, then dried, and 

the solvent is removed leaving a colorless crystalline solid. 

Preferably the solid is recrystallized to remove impurities. 

The solid is then further purified by dissolving in a 

suitable solvent and by preparative high-pressure liquid 
15 chromatography. The solvent is removed, such as by 

evaporation, and DHT-hep is recrystallized. 

To provide a suitable preparation for administration 

to a male patient, a pharmacologically-effective amount is 

dissolved in a pharmaceutically-acceptable adjuvant, such as 

20 sesame seed oil. 

The following example is a presently-preferred method 
of preparing or synthesizing DHT-hep, purifying it, and 
providing a solution containing it for injection into a male 
patient. 

25 1. Example of Synthesi zing DHT-hep 

To 20.0 g (0.069 mol) dihydrotestosterone in 150 ml 
dichloromethane, 39 ml (36.4 g. 0.150 mol) of heptanoic 
anhydride was added, followed by addition of 3.0 g (0.025 mol) 
of 4-dimethylaminopyridine. A molar ratio of heptanoic 

30 anhydride : dihydrotestosterone of at least 2:1 is optimal. 
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The amount of 4-dimethylpyridine may be varied depending upon 
the desired reaction rate (it is the catalyst). 
Dichloromethane is a convenient solvent. The mixture was 
stirred at room temperature overnight (18 hrs.), and then 
5 washed three times each with IN sodium hydroxide, IN 

hydrochloric acid, and finally water. The dichloromethane 
layer was dried with anhydrous magnesium sulfate. The solvent 
was evaporated yielding a colorless crystalline solid which was 
recrystallized from acetone-water. The yield was 23.0 g (82%). 
10 T he DHT-hep was dissolved in hexane and purified by 

preparative high-pressure liquid chromatography on a silica 
column equilibrated with hexane, and stepped to hexane-ethyl 
acetate (9:1). After evaporating the solvent, the DHT-hep was 
recrystallized from acetone-water. 
15 The compound had a melting point of 92.2-94.4°C and 

the structure was confirmed by infrared spectrophotometry, 
nuclear magnetic resonance spectroscopy, and gas 
chromatogr aphy-mass spectroscopy . 

2. Example of a Pharmaceutically-A rceptable Adjuvant 

20 to prepare the DHT-hep for administration, it was 

dissolved in sesame oil at 37°C to a concentration of 
190 mg/ml. (This was the limit of solubility of DHT-hep in 
sesame oil at 37°C.) The warm sesame oil mixture was filtered 
in a laminar flow hood through a 0.20 micron filter into 

25 sterile injection vials. The vials were sealed, tested for 
sterility and pyrogens, and stored at room temperature. 

3. Example of Treating Gynecomastia 

Four pubertal boys, ages 14-16 years with gynecomastia 
which had lasted for more than 16 months and who all had breast 
30 diameters of more than 4 cm were studied. Their breast 
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diameters ranged from 4.0 to 7.3 cm and breast areas from 13.5 
to 41.4 cm* with mean breast area (+SEM) 24.3+4.1 cm 1 . 

The patients were given 200 mg DHT-hep in sesame oil 
intramuscularly. One week later plasma testosterone, DHT, LH, 
5 FSH, estradiol and prolactin were determined and 24-hour 

urinary LH and FSH were obtained. Subsequent testing was at 2, 
3 and 4 weeks, and then just prior to each dose of DHT-hep. 
The second injection was given after four weeks but the 
frequency of injection was subsequently increased to every 
10 three weeks in three patients and every two weeks in one 
patient. In two boys, the dose of DHT-hep was increased to 
400 mg. Treatment lasted 16 weeks. The patients were examined 
before each injection of DHT-hep and at two months and six 
months after therapy. Patients' unpaired, or when appropriate, 
15 paired tests were used to determine significant differences (p 
less than .05). Results were all expressed as mean + Standard 
' Error. 

a. Results 

The results are illustrated in Table 1. 



CHARACTERISTICS OF STUDY PATIENTS 



Subject M.S. 

Age (Yrs.) 14 8/12 

Duration of Gynecomastia 2 yrs 
Pubertal Stage (Tanner) 4 
Treatment Frequency every 
3 wks 

Dose 200 mg 



s.s. 


J.D. 


J. A. 


16 


15 9/12 


15 8/12 


16 mo. 


18 mo, 


18 mo. 


4 


4 


4 


every 


every 


every 


3 wks 


2 wks 


3 wks 


400 mg 


200 mg 


400 mg 



pygnRE TREATMENT 

Breast Diameter (cm) 
Breast Area (cm 2 ) 
Testosterone (ng/dl) 
Estradiol (pg/ml) 
FSH (ng/ml) 
LH (ng/ml) 

DHT (ng/dl) 

16 WKS TREATMENT 

Breast Diameter ■( cm) 
Breast Area (cm ) 
% Decrease in Breast Area 
Testosterone (ng/dl) 
Estradiol (pg/ml) 
FSH (ng/ml) 
LH (ng/ml) 

DHT (ng/dl) 

? HQ PORT TREATMENT 

Breast Diameter (cm) 

Breast Area (cm 1 ) 

% Decrease in Breast Area 

Testosterone (ng/dl) 

Estradiol (pg/ml) 

FSH (ng/ml) 

LH/ng/ml ) 

DHT (ng/dl) 
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4.0 

13.5 

517 

30 
334 

25 

48 



2.3 
4.0 
70.1 
40 

less than 10 
less than 27 



7.3 
41.4 

174 
21 

157 
15 

27 



4.2 
13.9 
66.6 
36 
16 
39 



4.8 
17.7 
317 
28 
175 
less than 
11 
50 



5.6 
24.6 
129 
16 
96 

less than 
11 
43 



2.3 
4.0 
77.5 
34 
15 
61 



2.7 
6.1 
75.2 
less than 25 
less than 10 
34 



lis? San lesfthan less than less than 



11 

171 



2.3 
4.0 
70.1 
297 
22 
150 
14 
40 



11 
313 



3.3 
12.6 
69.6 

140 
23 

143 
19 

160.8 



11 
292 



2.3 
4.0 
77.5 
244 
18 
120 
27 
82 



11 
336 



2.6 

6.0 
75.5 
178 
12 
73 

less than 11 
88 



As seen from Table 1, all the patients experienced a 
significant decrease in breast size to a mean breast area of 
7.0 ± 1.5 cm* (p less than .002) after 16 weeks of 
treatment. The decrease in breast area ranged 66.6 to 77.5 
percent. No regrowth of breast tissue occurred in any subject 
when they were seen at two and six months after therapy was 
aiscontinued. One patient (MS) has been followed for nine 
months with no increase in breast size. 

Mean plasma DHT concentration before treatment was 
42 i + 5.1 ng/dl. As seen in Fig. 1, Plas- DHT concentration 
r0 se In response to the initial injection of DHT-hep to 283.6 ± 
51.3 ng/dl at two weeks, then fell to U2.8 ± 21.2 ng/dl at 
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four weeks. With increased frequency of injections, mean 
pre-injection plasma DHT remained elevated throughout the 
treatment period measuring 278.2 + 36.9 ng/dl at 16 weeks, 
three weeks after the last injection. Two months after therapy 
the DHT had decreased to 61.3 + 14.7 ng/dl. 

Administration of dihydrotestosterone heptanoate 
caused suppression of the pituitary-test icular axis. Thus, in 
response to elevated DHT levels in plasma, there were 
statistically significant decreases in plasma FSH, testosterone 
and estradiol, monitored by using patients unpaired or paired 
as shown in Figs. 2(A) and 2(B). 

The plasma LH was low before treatment in three of the 
patients so that further suppression of LH was not 
statistically significant. Mean FSH decreased from 190.5 + 
50.7 ng/ml before treatment, to 58.8 + 18.5 ng/ml at two weeks, 
and 40.3 + 7.3 ng/ml at 16 weeks, as shown in Fig. 3A. 

Mean plasma testosterone level decreased from 283.8 + 
87.5 ng/dl before therapy, to 29.5 ± 3.3 ng/dl at two weeks and 
was 33.8 + 3.2 ng/dl at 16 weeks, as shown in Fig. 2B. 

The mean estradiol level decreased from 23.8 + 
3.2 pg/ml to 10.8 + 0.8 pg/ml at two weeks and was 12.8 + 
1.6 pg/ml by 16 weeks. Twenty-four hour urinary LH and FSH 
were both decreased one week after injection. Before treatment 
mean urinary LH was 13.0 + 1.3 IU/day and FSH 8.4 + 
0.8 IU/day. After 1 week of treatment urinary LH was 7.4 +3 
and FSH 2.9 + 0.1. Two months after therapy plasma FSH had 
risen to 121.5 + 17.4 ng/ml, testosterone increased to 214.9 + 
34.8 ng/dl and estradiol to 18.8 + 2.5 pg/ml. 
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As illustrated in Figs. 3A and 3B, there was a 5-8 
fold increase in plasma DHT one week after injection of 200 nig 
DHT-hep. 

The elevated DHT level was accompanied by reductions 
5 in testosterone and estradiol. In all subjects maximal 

suppression of testosterone and estradiol occurred at two weeks 
post injection followed by rebound to pretreatment levels by 
four weeks. Suppression of testosterone and estradiol was 
maintained by giving the injections every two to three weeks. 
10 In two subjects (SS S JA) estradiol was not adequately 
suppressed at the 200 mg dose of DHT-hep; so the dose was 
increased to 400 mg (Figs. 4A and 4B) . 

In another set of tests (results not shown) 10 
adolescent patients were treated with DHT-hep, and all showed 
15 plasma concentrations of 300-800 ng/dl — near the level in 

normal adult males. All showed significant reduction in breast 
size, accompanied by reduction of plasma concentrations of LH, 
FSH, testosterone and estradiol. 

Thus, intramuscular injections of DHT-hep resulted in 
20 regression of breast tissue in all four adolescent boys 

studied. Although spontaneous disappearance of mild breast 
enlargement during adolescence occurs in the majority of boys, 
spontaneous regression was very unlikely in these patients 
since the breast diameters were greater than 4 cm and 
25 gynecomastia had been present more than 16 months without any 
indication of regression. The degree of breast reduction was 
cosmetically acceptable to the boys, and there was no regrowth 
of breast tissue six to nine months after therapy was 
discontinued, although the hormone levels had returned to near 
30 pre-treatment values. 



-13- 



0197753 



Based on the results of binding affinity studies of 
DHT and DHT-hep binding to estrogen receptor and 
androgen-receptor (results not shown), it is hypothesized that 
DHT (produced by hydrolysis of DHT-hep) acts on androgenic 
5 pathways rather than through an estrogen mechanism in 

suppression of gonadotropins. It is also believed that an 
androgen action, rather than an estrogen action, acts to 
prevent breast enlargement. 

It seems that the DHT-hep preparation delivers 
10 androgen in DHT form, which results in continuous blood levels 
of DHT and suppression of estradiol. 
4. Example of Using DHT-hep as an Androgen 

DHT-hep was given to two patients for the purpose of 
stimulating development of the male external genitalia. One 
15 was a 26 year old man with hypogonadotrophic hypogonadism. In 
that patient pretreatment plasma testosterone and 
dihydrotestosterone concentrations were very low (less than 
15 ng/dl). Administration of DHT-hep, 200 mg/month, 
intramuscularly over 6 months resulted in an increase in penile 
20 length from 4 cm to 8 cm and of penile diameter from 1.5 to 
2.5 cm. Pubic hair increased and erections and ejaculations 
were reported by the patient. There was also a significant 
increase in muscle mass. The second patient was a boy in early 
puberty with gynecomastia. During treatment with DHT-hep over 
25 4 months penile length increased significantly despite the fact 
that plasma testosterone and LH were suppressed. Also, pubic 
and auxiliary hair increased, and there was a 3.5 kg. weight 
gain. Thus the increase in secondary sexual development is 
attributable to the androgenic action of DHT. 
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5 . Example of Using DHT-hep as a Hormonal Probe 

Insofar as it seems that DHT-hep suppresses LH and FSH 
(which are produced by the pituitary gland and act on the 
testes), it could be used to determine the relative 
5 contribution of the testes and adrenal gland as sources of 
testosterone and estradiol. In fact, in two of the four boys 
tested (see above), significant estradiol levels persisted even 
where LH and testosterone were suppressed. This indicates the 
adrenal is possibly manufacturing precursors of estradiol which 
10 ultimately cause some forms of gynecomastia. 

While presently preferred embodiments of the invention 
have been given for purposes of disclosure, changes and 
modifications and other applications thereof may be made which 
are within the spirit of the invention as defined by the scope 
15 of the claims set forth below. 
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1. oihydrotestosterone heptanoate. 

2 t a compound of formula . 




-C-(CHJ £ -C« 3 



3. A substantially pure compound according to 
Claim 1 or 2. 

4. a compound according to Claim 1, 2 or 3 for 
use as a therapeutic substance. 

5. Use of a compound according to Claim 1, 2 or 3 
for manufacture of a medicament for one or more of 
treatment for gynecomastia, treatment for 
hypogonadotrophism, reduction of sperm count, testing 
of response to androgens and suppression of in vivo 
production of leutininzing hormone, follicle 
stimulating hormone, testosterone and/or estradiol. 

6. A pharmaceutical composition comprising a 
compound according to any one of claims 1 to 3 and a 
pharmaceutical^ acceptable adjuvant. 

7. A composition according to Claim 6, in which 
said adjuvant comprises sesame oil. 

8. a method of synthesizing a compound which 
comprises: 
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- reacting dihydrotestosterone in a solvent with 
heptanoic anhydride and 4-dimethylaminopyridine, 

- stirring and storing the resultant reaction mixture 
until a reaction product is formed, 

- washing and drying the resulting reaction product, 
and 

- removing the solvent from the reaction product. 

9. A method according to Claim 8, in which the 
reaction product is purified by liquid chromatography. 

10. A method according to Claim 8 or 9, in which 
the solvent is dichloromethane. 

11. A compound prepared by a method according to 
any one of Claims 8 to 10. 
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FIG.1 
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LH AND FSH (ng/ml) 
250i 



FIG. 2 A 
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DIHYDROTESTOSTERONE (ng/dl) 
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